Abstract. We present the results for multi-quark exotic states search from D0 Collaboration at the FNAL Tevatron. This includes an evidence for a B 0 s π ± state (X(5568)) with hadronic decays of B s meson, a confirmation of the X(5568) state with semileptonic decays of Bs meson, and a search for exotic baryons decaying to J/ψΛ pairs.
Introduction
Since the creation of the quark model it was understood that exotic mesons containing more than one quark-antiquark pairs and exotic baryons containing more than three quarks are possible. It was also understood that multi-quark states that contain heavy quarks can be more recognizable owing to the distinctive decay structure of heavy quark hadrons. The 2003 discovery by the Belle experiment [1] of the X(3872) in the channel B ± → K ± X(→ π + π − J/ψ) was the first accepted exotic meson in which heavy flavor quarks participate. From that time more than 20 multi-quark exotic states candidates have been discovered. We present the recent results for such search from D0 collaboration.
Evidence for a B 0
s π ± state In 2016 the D0 collaboration presented evidence for a possible four-quark state with the decay to B 0 s π ± where B 0 s → J/ψϕ [2] . A study of the B 0 s π ± invariant mass spectrum was performed using a data sample of 10.4 fb −1 collected with the D0 detector at the Fermilab Tevatron collider. Events used in this analysis are collected both with single muon and dimuon triggers. They are required to include a pair of oppositely charged muons both with p T > 1.5 GeV/c in the invariant mass range 2.92 < m(µ + µ − ) < 3.25 GeV/c 2 consistent with J/ψ decay, accompanied with two additional oppositely charged particles assumed to be kaons, each with p T > 0.7 GeV/c, with an invariant mass 1.012 < m(K + K − ) < 1.03 GeV/c 2 , consistent with ϕ decay, and a third charged particle with p T > 0.5 GeV/c assumed to be a pion. To form a B 0 s π ± combination, we select the B 0 s candidates in the mass range 5.303 < m(J/ψϕ) < 5.423 GeV/c 2 . To improve the resolution of the invariant mass of the B 0 s π ± system we define this mass as
, where m(B 0 s ) = 5.3667 GeV/c 2 . We study events as a function of mass in the range 5.5 < m(B 0 s π ± ) < 5.9 GeV/c 2 . To suppress background the B 0 s π ± system is required to have p T > 10 GeV/c. To further reduce background we impose a limit on the difference between the directions of the B 0 s candidate and the pion to be ∆R = √ ∆η 2 + ∆ϕ 2 < 0.3, where η is the pseudorapidity and ϕ is the azimuthal angle. In s meson is modeled using the sideband events obtained from data. The two background components are found to have similar shapes and are mixed in the right proportion to obtain the combined background. It was modeled by a function of the parameter m 0 = m(B 0 s π ± ) − ∆, ∆ = 5.5 GeV/c 2 , of the form
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This empirical function gives a good description of the combined backgrounds. The B 0 s π ± invariant mass spectrum is shown in Fig. 1 a) with the cone cut and b) without the cone cut. An enhancement is seen near 5.57 GeV/c 2 . To extract the signal parameters, the distributions are fitted with a function
where 
, where L 0 , L max are likelihood values at the signal yield fixed to zero and at the best-fit signal yield obtained from a binned maximum likelihood fit, is 6.6σ. With the look-elsewhere effect [3] taken into account, the global statistical significance is 6.1σ.
We obtain the systematic uncertainties for the measured values of the X(5568) state mass, width, and the number of signal events. The dominant uncertainties are due to the background and signal shapes. When the systematic uncertainties are included, the significance of the observed signal, including the look-elsewhere effect, is reduced to 5.1σ. For the analysis without the ∆R cut (Fig. 1b) we obtain a significance including the systematic uncertainty and look-elsewhere effect of 3.9σ. Note, that the fit range in this case is reduced to m(B 0 s π ± ) = 5.7 GeV/c 2 due to the possible background processes not present in our MC calculations, which lead to a tendency for data to exceed background at higher masses. The mass and natural width of the X(5568) state with obtained systematic uncertainties are M X = 5567.8 ± 2.9(stat.) +0.9 −1.9 (syst.) MeV/c 2 and Γ X = 21.9 ± 6.4(stat.)
The ratio of the yield of the new state X(5568) to the yield of the B 0 s meson is measured to be [8.6 ± 1.9(stat.) ± 1.4(syst.)]%.
A possible interpretation of the observed structure is a four-quark state made up of a diquarkantidiquark pair. With the B 0 s π ± produced in an S wave, its quantum numbers would be s decay. The background in semileptonic channel are mostly independent of those in the hadronic channel. The presence of the neutrino in the final state leads to the wider mass resolution for the signal. The character of possible reflections of other resonant structures is quite different in the semileptonic and hadronic channels. Thus, a study of X(5568) in the semileptonic decay channel may provide an independent confirmation of its existense.
The muons are required to have 3 < p T < 25 GeV/c. The D − s → ϕπ − , ϕ → K + K − is reconstructed as follows. The two particles from ϕ decay are assumed to be kaons and are required to have p T > 1.0 GeV/c, opposite charge and mass 1.012 < m(K + K − ) < 1.03 GeV/c 2 . The charge of the third particle, assumed to be a pion, has to be opposite to that of the muon. 
s ) = 5.3667 GeV/c 2 . We study events as a function of mass in the range 5.506 < m(B 0 s π ± ) < 5.906 GeV/c 2 . The ∆R cone cut was not used in this analysis. The background parametrization was taken from the Monte-Carlo (MC) background sample generated using the PYTHIA [6] inclusive jet production model. To correct for the effects of the trigger selection and the reconstruction on the data, we weight each MC event so that the transverse momentum of the reconstructed muon and the µD s system agree with thouse in the data. The m(B 0 s π ± ) invariant mass distribution of the MC background is modeled by: The signal is modeled by a relativistic Breit-Wigner function convolved with a Gaussian detector resolution function which also takes into account the impact of the unseen neutrino. The fit function has the form similar to shown in Eq. 2. In the fit shown in Fig. 2 (left plot) 
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−32 (syst.). These numbers include the systematic uncertainties due to background shape description, background reweighting, B 0 s mass scale in MC and data, detector resolution and the missing neutrino effect, signal modeling. The dominant systematic uncertainty is due to the background shape description. The local statistical significance of the signal is 4.5σ. If the systematic uncertainties are taken into account, the statistical significance of the signal is 3.2σ.
The ratio of the number of B 0 s which come from the decay of X(5568) to all B 0 s (X(5568) production ratio) was measured to be [7.3
The mass, natural width and X(5568) production ratio are in the agreement between the semileptonic and hadronic channels within uncertainties [2] . If we assume that we observe the same object in both channels and the semileptonic and hadronic measurements are independent, we can calculate the combined significance for the two channels using the formula to calculate the combined p-value:
, where p had is the p-value for the hadronic channel, and p sl is the p-value for the semileptonic channel. The obtained combined p-value corresponds to a significance of 5.7σ for the combination of the hadronic channel with the ∆R cut and the semileptonic channel (4.7σ without ∆R cut in the hadronic channel). More details about this analysis can be found at [7] . pp collisions by QCD processes or non-promptly, in weak decays of b-baryons. In the following we focus on the non-prompt production. Events used in this analysis are selected from a Run II data sample of 10.4 fb −1 . To reconstruct a J/ψ candidate, two muons with the opposite charge, transverse momentum p T (µ) > 1.0 GeV/c, total transverse momentum p T (µµ) > 4.0 GeV/c, originated from a common vertex, and have an invariant mass in the range 2.92 < m(µµ) < 3.25 GeV/c 2 , are selected. The reconstruction and selection of Λ → pπ − candidates is similar to that in the D0 measurement of the Λ 0 b lifetime [9] . To select J/ψΛ candidates, we define the Λ signal window as 1.110 − 1.122 GeV/c 2 , the lower limit on the Λ transverse momentum is set to 0.7 GeV/c.
Search for exotic baryons decaying to J/ψΛ
We define the search mass region as the range from the J/ψΛ threshold to 4.7 GeV/c 2 and perform binned maximum likelihood fits to the distributions of the J/ψΛ invariant mass with the function, defined in Eq. 2. The signal is modeled by a Gaussian function with mass M X and width (standard deviation) Γ X . The background is modeled with the following function: 
where m stands for m(J/ψΛ) and m thr is its threshold value. Using the signal and background models described above, we perform mass fits of the sum of signal and background or background only to the data, with the signal mass set at fixed values in 10 MeV/c 2 steps. The signal width and the background shape parameters c 1 , c 2 , c 3 are varied. In each mass point the local statistical significance is determined. The result of this scan is showed on Fig. 2 (right plot) . The highest local significance of 3.45σ occurs at m(J/ψΛ) = 4.32 GeV/c 2 . If looks-elsewhere effect is taken into account, the corresponding global significance is estimated to be 2.8σ. We thus have no evidence for new baryons decaying to J/ψΛ. More details about this analysis can be found at [10] .
